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ABSTRACT. Alpine ice patches are unique repositories of cryogenically preserved archaeological artefacts and biological 
specimens. Recent melting of ice in the Selwyn Mountains, Northwest Territories, Canada, has exposed layers of dung 
accumulated during seasonal use of ice patches by mountain woodland caribou of the ancestral Redstone population over 
the past ca. 5250 years. Although attempts to isolate the DNA of known caribou parasites were unsuccessful, the dung has 
yielded numerous well-preserved and diverse plant remains and palynomorphs. Plant remains preserved in dung suggest that 
the ancestral Redstone caribou population foraged on a variety of lichens (30%), bryophytes and lycopods (26.7%), shrubs 
(21.6%), grasses (10.5%), sedges (7.8%), and forbs (3.4%) during summer use of alpine ice. Dung palynomorph assemblages 
depict a mosaic of plant communities growing in the caribou’s summer habitat, including downslope boreal components and 
upslope floristically diverse herbaceous communities. Pollen and spore content of dung is only broadly similar to late Holocene 
assemblages preserved in lake sediments and peat in the study region, and differences are likely due to the influence of local 
vegetation and animal forage behaviour. The 5000-year legacy of summer use of alpine ice patches by mountain woodland 
caribou suggests that these small, long-lived features may be important for the health of caribou populations in the Selwyn/
Mackenzie Mountain range. 
Key words: paleoecology, Late Holocene, ice patches, mountain woodland caribou, food habits, dung, copropalynology, 
Selwyn Mountains
RÉSUMÉ. Les névés des régions alpines constituent des réserves uniques d’artefacts archéologiques et de spécimens 
biologiques préservés cryogéniquement. La fonte récente des glaces de la chaîne de Selwyn, dans les Territoires du 
Nord-Ouest, au Canada, a mis au jour des couches de déjections animales qui ont été accumulées lors de l’usage saisonnier 
des névés par le caribou des bois des montagnes de la population ancestrale de Redstone au cours des quelques 5 250 dernières 
années. Bien que les tentatives visant à isoler l’ADN des parasites connus du caribou aient échoué, les déjections ont permis 
de repérer de nombreux restes et palynomorphes de végétaux bien préservés et variés. Les restes de végétaux qui ont été 
conservés dans les déjections animales laissent croire que la population de caribou ancestrale de Redstone s’alimentait d’une 
variété de lichens (30 %), de bryophytes et de lycopodes (26,7 %), d’arbrisseaux (21,6 %), de graminées (10,5 %), de foin plat 
(7,8 %) et de plantes herbacées non graminoïdes (3,4 %) lorsqu’ils utilisaient la glace alpine pendant l’été. Les assemblages 
de palynomorphes provenant des déjections laissent entrevoir la croissance d’une mosaïque de peuplements végétaux au sein 
de l’habitat d’été du caribou, ce qui comprend des composantes boréales en pentes descendantes et des peuplements végétaux 
herbacés floristiquement variés en pentes ascendantes. La teneur en pollen et en spores des déjections animales est seulement 
largement similaire aux assemblages de l’Holocène tardif préservés dans les sédiments lacustres et dans la tourbe de la région 
visée par l’étude. Les différences sont vraisemblablement attribuables à l’influence de la végétation locale et au comportement 
alimentaire des animaux. L’utilisation estivale des névés des régions alpines par le caribou des bois des montagnes ces 5 000 
dernières années laisse entrevoir que ces petites caractéristiques longévives pourraient revêtir de l’importance pour la santé 
des populations de caribou de la chaîne de Selwyn et des monts Mackenzie. 
Mots clés : paléoécologie, Holocène tardif, névés, caribou des bois des montagnes, habitude alimentaire, déjection animale, 
copro-palynologie, chaîne de Selwyn
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INTRODUCTION
Ice patches are areas of permanent ice that form in north-
ern and alpine regions when the net accumulation of snow 
is compressed into ice lenses that do not gain enough mass 
to flow (Farnell et al., 2004). Mountain woodland caribou 
(Rangifer tarandus caribou Gmelin, 1788) in the Northwest 
Territories (NWT) and Yukon Territory (YT), Canada, are 
recognized as northern mountain woodland caribou (Envi-
ronment Canada, 2011). These caribou seek out ice patches 
for relief from summer heat and insect harassment (Ion and 
Kershaw, 1989). Their feces are deposited on ice patches in 
summer and buried subsequently by snow, forming strati-
graphically discrete bands of biological remains that include 
bones, pollen, plant macrofossils, and animal parasites 
(Farnell et al., 2004). Mitochondrial DNA sequencing of 
bones contained in dung layers demonstrates that ancestors 
of the modern Redstone population of mountain woodland 
caribou in the Selwyn Mountains frequented ice patches 
throughout the late Holocene and are the most likely source 
of the caribou dung deposits (Letts et al., 2012). 
Ancient biological remains yield important information 
on paleoenvironment and past animal diet (Farnell et al., 
2004). DNA of gastro-intestinal parasites (e.g., nematodes 
of the family Trichostrongylidae) may also be contained in 
alpine ice and provide information on host body condition 
and fecundity in domestic and wild ruminants, including 
caribou (Coyne and Smith, 1994; Albon et al., 2002; Stien 
et al., 2002; Hughes et al., 2009). Pollen and spores are well 
represented in caribou dung from ice patches (Farnell et al., 
2004) and biogenic deposits recovered from other biological 
and paleontological contexts (Thompson et al., 1980; Mead et 
al., 1987; van der Knapp, 1989; Scott and Cooremans, 1992; 
Akeret et al., 1999; Carrión et al., 2001, 2005, 2007; Scott 
et al., 2003; Bjune et al., 2005; Kropf et al., 2007; Scott and 
Woodborne, 2007). Pollen spectra of herbivore feces likely 
represent a composite of pollen rain deposited onto food 
items or exposed dung (or both) and palynomorphs sourced 
directly from ingested food items (Moe, 1983; Mead et al., 
1987; Scott and Cooremans, 1992; Gardener et al., 1993; 
Rasmussen, 1993; Carriόn, 2002; Kropf et al., 2007). Biases 
introduced to fecal pollen spectra through dietary behaviour 
are unlikely to preclude paleoenvironmental reconstruc-
tion because the animal likely foraged on plants within its 
range. In fact, copropalynology can provide insight on the 
distribution and ecology of insect-pollinated plants that are 
commonly under-represented by pollen in sediments depos-
ited by water (Carrión et al., 2001). Indigestible plant frag-
ments, such as epidermal structures, can be identified with 
greater taxonomic precision than pollen. Microhistological 
identification of plant fragments preserved in feces is a gen-
erally reliable method for reconstructing the diet and habitat 
requirements of caribou and other large herbivores (Sparks 
and Malechek, 1968; Todd and Hansen, 1973; Boertje, 1984; 
Gardener et al., 1993; Fischer and Gates, 2005). 
Through examination of palynomorphs and plant frag-
ments, this study assessed the potential of caribou dung 
preserved in alpine ice patches in the Selwyn Moun-
tains, NWT, to provide a paleoecological context that will 
improve our understanding of long-term trends in caribou 
habitat use and foraging habits.
ENVIRONMENTAL SETTING
Twenty-eight alpine ice patches were identified in the 
Selwyn Mountain complex, a northern part of the North 
American Cordillera, during aerial surveys conducted 
between 2005 and 2010 at the time of maximum melt (mid 
to late August; Andrews et al., 2012). Ice patches occur 
between 1675 m and 1972 m above sea level and are con-
fined to northwest-, north, or northeast-facing slopes. Ice 
patches range in size from less than 25 m to over 500 m in 
length, from 5 m to over 50 m wide, and from less than 1 m 
to more than 6 m thick. Ice patches all occur above treeline 
within the Taiga Cordillera Ecozone (TCE; Wiken, 1986; 
Fig. 1), which spans a diverse area of mountain ranges, roll-
ing hills, high plateaus, depressions, and incised valleys in 
the northern Rocky Mountain system that covers portions 
of the YT and southwestern NWT. The climate of the TCE 
is dry and cold. Average annual precipitation is 300 mm, 
mean daily January temperatures range from -25˚C to -30˚C 
across the ecozone, and mean daily July temperatures range 
from 12˚C to 15˚C (Wiken, 1986). 
Vegetation in the study area consists of boreal forest 
in low-elevation areas such as valley bottoms and depres-
sions and alpine tundra at high altitudes. Alpine tundra in 
the Selwyn Mountains comprises several communities 
(Kershaw, 1984; Ion and Kershaw, 1989). Crustose lichen 
communities occur at highest elevations (> 1900 m), where 
mineral substrates are exposed. Below this zone, fruti-
cose lichen tundra dominated by Cladonia stellaris (Opiz.) 
Pouz. and Vezda (star reindeer lichen) and Alectoria och-
roleuca (Hoffm.) A. massal (witch’s hair lichen) occurs on 
well-drained alluvium and colluvium. Cushion plant tundra 
occurs where winter snow cover is thin and discontinuous; 
it is dominated by Dryas integrifolia Vahl. (mountain avens) 
with scattered Silene acaulis (L.) Jacq. (moss campion), 
Saxifraga oppositifolia L. (purple mountain saxifrage), and 
Polygonum viviparum L. (alpine bistort) and various mosses 
(e.g., Hylocomium splendens). Lichen-grass communities 
exist on gentle slopes and are dominated by graminoids 
such as Deschampsia caespitosa (L.) P. Beauv. (tussock 
grass), Festuca altaica Trin. (northern rough fescue), Poa 
arctica R. Br. (arctic bluegrass), and Carex atrofusca Schk. 
(darkbrown sedge). Artemisia arctica Less. (boreal sage-
brush) and Salix arctica Pall. (arctic willow) are also pre-
sent. Lichen-heath tundra occurs at lower elevations on 
north-facing slopes, where moisture from persistent snow 
pack is available. This community is dominated by Dryas 
integrifolia and Cassiope tetragona (L.) D. Don (white 
arctic mountain heather) and ericaceous shrubs, including 
Vaccinium uliginosum L. (bog blueberry). Sedge meadow 
tundra communities are dominated by Carex podocarpa 
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FIG. 1. Map showing the location of the study area (inset) and ice patches (µ) in the Selwyn Mountains, Northwest Territories. The three ice patches sampled 
(KfTe-1, KhTe-2, and KiTf-1, shown with larger stars and bold type) are described in the table at lower left. The Taiga Cordillera Ecozone and other sites 
mentioned in the text are also shown.
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R. Br. (short stock sedge), Artemisia arctica, Polemo-
nium acutiflorum Willd. Ex Roemer & J.A. Schultes (tall 
Jacob’s-ladder), and various lichens (e.g., Cladonia arbus-
cula (Wallr.) Flotow [reindeer lichen], Dactylina arctica 
(Hook. f.) Nyl. [finger lichen]) occur on flat, poorly drained 
sites. Shrub tundra communities occur below 1600 m and 
are dominated by Betula glandulosa Michx. (dwarf birch) 
and Cladonia stellaris. On poorly drained sites, willow-
forb-moss communities with Salix barrattiana Hook. (Bar-
ratt’s willow) exist. Scattered Abies Mill. (fir) grows with 
an understory of willow and birch at the transition to sub-
alpine. Picea glauca Moench (white spruce) and P. mari-
ana (P. Mill.) B.S.P. (black spruce) occur farther downslope. 
In montane regions, spruce-lichen woodlands occur with 
Pinus contorta Dougl. ex Loud. (lodgepole pine). Isolated 
stands of Populus tremuloides Michx. (trembling aspen), 
Populus balsamifera L. (balsam poplar), Alnus L. (alder) 
species, and Betula papyrifera (Marsh.) (paper birch) can 
grow on sheltered lowlands or disturbed sites in the TCE. 
Northern mountain woodland caribou are listed as a 
population of special concern (COSEWIC, 2002) because 
habitat fragmentation and climate change are adversely 
affecting populations in northwestern Canada (McLough-
lin et al., 2003). The northern mountain woodland caribou 
ecotype is distinguished from other woodland caribou (e.g., 
the southern or boreal woodland caribou) by its behaviour 
and habitat use: northern mountain woodland caribou form 
discrete groups or herds that range in size from about 200 
up to 10 000 individuals in the NWT, YT, and northern 
British Columbia, where they winter in forested valleys and 
migrate to alpine mountain habitat during summer months 
(Olsen et al., 2001; Environment Canada, 2011). The north-
ern mountain woodland caribou in the study region are 
likely part of the Redstone population, which has been esti-
mated at 5000 to 10 000 animals and is one of the largest 
woodland groups in Canada (Olsen et al., 2001). Redstone 
caribou spend winter months in lowland forested habitats 
in river valleys in the front ranges of the Mackenzie Moun-
tains, which include areas along the Keele, Moose, Horn, 
and Redstone River basins, where the primary food of 
caribou is ground lichens. During summer, Redstone cari-
bou migrate to alpine habitat and occupy a range along the 
border with the YT near Macmillan Pass on the eastern 
slopes of the Mackenzie Mountains, where their diet may 
be similar to that of other mountain woodland caribou in 
northwestern Canada, consisting of a variety of shrubs, 
forbs, sedges, grasses, lichens, and mosses (Weaver, 2008). 
Observations at Macmillan Pass in the Selwyn and Mac-
kenzie Mountains indicate that on warm and still days, 
caribou migrate upslope (> 1600–1700 m) in late morn-
ing, seeking cool and windy microclimates of ridge tops 
and snow and ice patches to avoid insect harassment; they 
spend much of the afternoon there and descend to eleva-
tions below 1600 – 1700 m in late afternoon or evening 
(Ion and Kershaw, 1989; Quayle and Kershaw 1996). Dur-
ing peak insect season in the early summer, as many as 216 
animals have been observed to gather on ice patches and 
snowdrifts in the study area. By mid August, snow and ice 
availability decreases, but most insects disappear because 
of sub-zero night temperatures, and caribou groups rarely 
exceed 45 animals (Ion and Kershaw, 1989). 
METHODS
Field Methods
In 2007 and 2008, 10 ice cores were extracted from three 
ice patches in the Selwyn Mountains with a Cold Regions 
Research and Engineering Laboratory coring auger (7.5 cm 
barrel diameter; Figs. 1, 2). Cores from these ice patches 
(KfTe-1, KhTe-2, and KiTf-1) were selected for detailed 
study because they were associated with archaeological 
remains (Andrews et al., 2012), had a significant amount of 
ice for geophysical studies, and provided enough biologi-
cal material for paleoecological analysis (Fig. 2). A sam-
ple of modern caribou dung was collected adjacent to ice 
patch KfTe-1 for comparison to ancient material preserved 
in alpine ice. 
Chronology
Accelerator mass spectrometry (AMS) radiocarbon dates 
on 72 samples of bone, antler, wood, and bulk caribou dung 
recovered from multiple cores from multiple ice patches, 
determined at Beta Analytic Inc., Florida, constrain the 
chronology of ice patch accumulation in the Selwyn Moun-
tains (Meulendyk et al., 2012). Radiocarbon dates were cal-
ibrated to calendar years before present (cal. yr BP) using 
the computer program CALIB Rev 6.0 (Stuiver et al., 2005) 
and the IntCal09 dataset (Reimer et al., 2009). 
Caribou Parasite DNA
Twelve subsamples (4 g to 8 g) of caribou dung were col-
lected from ice cores from ice patches KfTe-1 and KhTe-2 
and the sample of modern feces and stored in molecular 
grade ethanol in preparation for screening for the presence 
of Trichostrongylid parasite DNA (Fig. 2). Extraction fol-
lowed the Gentra PureGene protocol for tissue extractions 
(Qiagen, Canada). Polymerase Chain Reactions (PCRs) 
were run using established primers that amplify a diag-
nostic segment of mammalian mitochondrial DNA to test 
for the presence of useable DNA in the extracted samples 
(Cronin et al., 1999). Primers described in Hoste et al. 
(1995) were used to amplify a diagnostic segment of the 
internal transcribed spacer region of the genome of nema-
todes. The positive-control PCR template for mammalian 
DNA was from a fecal sample from a white-tailed deer 
(Odocoileus virginianus) from southern Alberta extracted 
using the Gentra PureGene protocol. The positive-control 
PCR template for Trichostrongylid DNA originated from 
worms from captive reindeer at the University of Calgary 
and was also extracted using the Gentra PureGene protocol. 
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Samples that produced appropriately sized bands were pre-
pared for sequencing using ExoSAP-IT® (USB) according 
to manufacturer’s specifications and subjected to sequenc-
ing in both directions on an ABI 3730xl DNA sequencer. 
Palynology 
Twenty-three subsamples (50 mm3) of caribou dung were 
obtained from ice cores recovered from ice patches KfTe-1, 
KhTe-2, and KiTf-1 for palynological analyses (Fig. 2). Two 
pellets of the modern dung sample were also processed. 
Processing for palynological analysis followed standard 
procedures except that hydrofluoric acid treatment and siev-
ing were not performed (Fægri and Iversen, 1989). To cal-
culate pollen concentration, we added a known quantity of 
polystyrene microspheres to each sample (1 mL per sample; 
LacCore pollen spike suspension Batch No. 3; concentration 
5 × 104 spheres/mL ± 7%; Stockmarr, 1971). Palynomorphs 
were identified and enumerated using light microscopy. 
Identification was aided by the keys of McAndrews et al. 
(1973) and Kapp et al. (2000). Cupressaceae pollen was not 
identified to the genus level; however, judging by modern 
plant distributions in northwestern Canada, this pollen type 
is likely attributable to Juniperus L. (Rowe, 1972). Small 
(~8 μm), psilate spores with a sigmoid germination pore 
that occur as solitary cells or in chains were identified as 
Sporormiella Ellis & Everh. (Kapp et al., 2000; Aptroot and 
van Geel, 2006). Sporormiella is a coprophilous ascomy-
cete fungus that is widely distributed but has a preference 
for boreal regions (Aptroot and van Geel, 2006). Pollen 
counts were converted to relative abundance using a main 
pollen sum that included all pollen and spores of terrestrial 
vascular and non-vascular plants. Data were explored using 
Q-mode cluster analysis (Ward minimum variance link-
age and Euclidean distance). To determine whether pollen 
and spore spectra vary between ice cores and ice patches, 
we arranged samples spatially by ice core and ice patch. To 
examine spectra changes over time, we developed a com-
posite chrono-paleoecological diagram using samples from 
multiple ice cores from three ice patches. Pollen diagrams 
were generated using Tilia and TiliaGraph (Grimm, 1993).
Plant Remains
Ten subsamples (2.38 g to 9.58 g) of caribou dung were 
obtained from cores from ice patches KfTe-1 and KhTe-2 
(Fig. 2). Samples were submitted to Washington State Uni-
versity’s Wildlife Habitat and Nutrition Lab in Pullman, 
Washington, for microhistological identification (Put-
man, 1984). Plant fragments were identified to the lowest 
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taxonomical level possible during 200 slide views per sam-
ple. No adjustments were made for different digestibil-
ity of plant species, and results are presented as relative 
abundances of the total number of identifications. Q-mode 
cluster analysis using a Ward minimum variance linkage 
method and Euclidean distance was used to explore rela-
tionships between samples. To determine whether plant 
fragment composition of dung samples varies between ice 
cores or ice patches, we plotted data spatially. A compos-
ite chrono-paleoecological diagram was developed using 
samples from multiple ice cores from two ice patches and 
arranged in chronologic order to observe if any trends in 
plant fragment composition occur over time. Diagrams 
were generated using Tilia and TiliaGraph (Grimm, 1993).
RESULTS
Chronology
The ice patch chronology is constrained by 72 calibrated 
AMS radiocarbon ages (Table 1), 34 obtained from bulk car-
ibou dung taken from the three sampled ice patches (KfTe-
1, KhTe-2, and KiTf-1) and 38 obtained from other types of 
biological material (including bone, antler, and wood asso-
ciated with archaeological remains) recovered from all ice 
patches. Radiocarbon dating shows that ice patch formation 
began in the Selwyn Mountains by at least 4580 ± 40 14C yr 
BP (ca. 5250 ± 200 cal. yr BP) and corresponds to a period 
of regional cooling in northwestern Canada and resumed ice 
patch growth in the YT (MacDonald, 1983; Ritchie, 1984; 
Ritchie et al., 1987; Farnell et al., 2004). The  radiocarbon 
dates also demonstrate that the ice patches in the NWT have 
been used almost continuously by caribou and humans since 
their formation in the mid-Holocene. 
Layers of caribou dung preserved in alpine ice could 
represent the feces of an individual or a few animals dur-
ing a short period of time, or homogenized annual summer 
deposits of many animals that visited ice patches over the 
summer, or even “super-layers” that are amalgamations of 
multiple annual deposits formed during periods of melt or 
hiatuses in ice growth (Farnell et al., 2004; see Meulendyk 
et al., 2012, for details on ice accumulation). 
Caribou Parasite DNA
DNA of known caribou parasites was not detected in 
any samples of caribou dung. Only mammalian DNA, 
confirmed by sequencing to be caribou DNA, was ampli-
fied from the modern caribou fecal sample. Positive and 
negative control samples performed as expected, including 
sequencing results from the positive control samples.
Palynology 
All 24 caribou dung samples yielded pollen and spores, 
and most samples have good preservation of palynomorphs. 
An average of 82 ± 44 SD pollen and spores were enumer-
ated per sample because of low palynomorph abundance in 
some samples. Total concentrations of pollen and spores in 
caribou dung samples range from 18 635 to 192 008 grains 
per gram. Concentrations are similar to those reported 
for lake sediments in the western NT (Slater, 1985) and 
comparable to the recovery of pollen and spores from the 
dung of other animals (Scott and Woodborne, 2006; Yll et 
al., 2006). Twenty-three plant taxa from 27 families were 
identified, and as in previous copropalynological studies, a 
remarkable diversity of pollen from herbaceous plants was 
observed (Carrión et al., 2001; Table 2; Fig. 3A, B). Forbs 
are the most abundant plant group in all caribou dung sam-
ples (mean 34.1% ± 16.3 SD) and are dominated by Artemi-
sia L. pollen (mean 22.9% ± 14.3). Pollen from coniferous 
plants is abundant (mean 29.2% ± 14.1) and dominated by 
Picea A. Dietr. (mean 17.6% ± 11.5 SD). Shrubs are the next 
most abundant group (mean 9.7% ± 8.5) and include Bet-
ula L. (mean 3.5% ± 3.7 SD), Salix L. (mean 2.0% ± 2.9 
SD), and Alnus (mean 1% ± 1.3 SD) pollen. Pteridophyte 
spores, Poaceae and sedge pollen, and bryophyte and moss 
spores are also present. In general, pollen from anemo-
philous plants (e.g., Picea, Artemisia) is well represented 
in dung samples, while pollen from entomophilous plants 
(e.g., Polemonium L.) is less common. Pollen spectra of 
dung samples have a great deal of variability, particularly in 
the relative abundance of Artemisia pollen, but samples do 
not cluster by ice patch or radiocarbon age (Fig. 4), and sus-
tained trends over time in the relative abundance of individ-
ual pollen or plant types (conifers, deciduous shrubs, forbs, 
grasses, ferns, bryophytes and lycopods, and other) are not 
observed (Fig. 3B). 
Plant Remains
Plant fragments of 40 taxa representing 23 families are 
present in dung samples (Tables 3 and 4; Fig. 5). Forbs are 
the most diverse group (12 taxa), followed by shrubs (eight 
taxa). Also identified were seven members of Poaceae, 
six bryophyte/lycopod taxa, four Cyperaceae taxa, and 
six lichen taxa from five families. Lichens are the most 
abundant type of plant fragment identified in dung sam-
ples (mean 30% ± 8.9 SD), followed by bryophyte/lyco-
pods (mean 26.7% ± 5.1 SD) and shrubs (21.6% ± 6.4 SD). 
Lichens reach a maximum relative abundance of 45.8% in 
sample KfTe-1 Core 2 bottom and are dominated by Clad-
ina (Nyl.) Nyl., Cladonia P. Browne, or both (up to 26.8% of 
total plant fragments). Bryophytes are dominated by Dicra-
num-type (up to 20.1% of total plant fragments in sample 
KhTe-2 Core 3 bottom). Shrub fragments are dominated by 
Salix stems (mean 7.4% ± 2.9 SD) and leaves (mean 4.3% ± 
1.9 SD). Grasses also occur (mean 10.5% ± 4.5 SD) and are 
dominated by Poa L. (mean 4.8% ± 2.8 SD). Sedges (mean 
7.8% ± 4.1 SD), dominated by Carex L. (mean 5.7% ± 2.4 
SD), and forbs (mean 3.4% ± 1.9 SD), dominated by Equi-
setum L. (mean 1.2% ± 0 SD) and Saxifraga L. (mean 1% 
± 0.6 SD), are also important. As with the palynological 
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KfTe-1 core 1-5 118-125 cm (700 ± 40)
KhTe-2 core 2 136-142 cm (3270 ± 40)
KhTe-2 core 3 bottom (1160 ± 40)
KfTe-1 core -1-4 161-162 cm (1020 ± 40)
KhTe-2 core 4 bottom (140 ± 40)
KfTe-1 core 1-4 218-223 cm (1920 ± 40)
KfTe-1 core 2 238-240 cm (2880 ± 40)
KhTe-2 core 1 bottom (2420 ± 40)
KfTe-1 core 1 254-256 cm (2840 ± 40)
KfTe-1 core 2 309-316 cm (3740 ± 40)
KfTe-1 surface modern pellets
KfTe-1 core 1-5 258-266 cm (3870 ± 40)
KhTe-2 core 2 120-124 cm (2820 ± 40)
KhTe-2 core 2 107-110 cm (1700 ± 40)
KfTe-1 core 2 248-250 cm (3060 ± 40)
KfTe-1 core 1 224.5-228.5 cm (1150 ± 40)
KiTf-1 core 1 167 cm (1740 ± 40)
KfTe-1 core 1 242-244 cm (2420 ± 40)
KiTf-1 core 1 245-249 cm (4580 ± 40)
KfTe-1 core 2 bottom (3780 ± 40)
KiTf-1 core 1 218 cm (3900 ± 40)
KfTe-1 core 2 256-258 cm (3280 ± 40)
KfTe-1 core 1-5 273-278 cm (4420 ± 40)
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Sample Cluster tree Cluster
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FIG. 4. Hierarchical Q-mode cluster analysis (Ward’s dissimilarity measure and Euclidean distance) of relative abundances of pollen and spores preserved in ice 
patch caribou dung in the Selwyn Mountains, Northwest Territories, shows that samples do not cluster by ice patch or radiocarbon age.
data, cluster analysis of plant remains did not group sam-
ples by ice patch or radiocarbon age (Fig. 6), and no sus-
tained trends in the relative abundances of plant types 
are observed when caribou dung samples are arranged in 
chronological order (Fig. 5B). Pollen and plant histological 
datasets contained few similarities (Table 5). 
DISCUSSION
Caribou dung from ancestral Redstone populations that 
frequented the Selwyn Mountains throughout the late Holo-
cene contains abundant and generally well preserved pol-
len, spores, and plant remains. While examination of the 
composition of plant fragments in herbivore feces is a well-
established and generally accepted method for determina-
tion of animal diet (Sparks and Malechek, 1968), the use of 
copropalynology in paleoenvironmental reconstruction and 
animal behaviour studies is relatively new and demands a 
consideration of modes of palynomorph inclusion in fecal 
samples. Pollen could have been incorporated into ice-patch 
caribou dung via (1) deposition from the air, (2) ingestion of 
pollen in anthers of forage, (3) ingestion of pollen that has 
settled on forage or water, or (4) settlement of pollen on the 
hair of animals (Carrión et al., 2005; Bowyer, 2011). 
Pollen and spore assemblages of ice patch caribou dung 
were broadly similar to spectra preserved in caribou feces 
in alpine ice in the southwest YT, where a parallel study 
has taken place (Bowyer et al., 1999; Farnell et al., 2004; 
Bowyer, 2011). Detailed comparison between palynomorph 
assemblages in NWT and YT ice patches will be forthcom-
ing. Assemblages were also broadly similar to the ranges 
of relative abundance of pollen and spores present in late 
Holocene (past 5000 years) spectra of regional lakes and 
modern pollen rain (Fig. 7; Ritchie, 1984; MacDonald and 
Ritchie, 1986; Ritchie et al., 1987; Szeicz et al., 1995). How-
ever, several important differences are observed.  First, a 
high degree of sample-to-sample variability is observed 
in dung samples relative to late Holocene lake sediment 
records. This variability may be due to differences in time 
recorded in the two types of deposits. Radiocarbon dating 
shows that lake sediment or peat samples in the NWT often 
represent several years of sediment accumulation (Mac-
Donald, 1983) whereas dung samples could represent as lit-
tle as a few days of grazing or a single season of exposure 
to regional pollen rain (Bowyer, 2011). Second, over-repre-
sentation of local vegetation is known to bias sedimentary 
records deposited by water, but likely also applies to bio-
genic deposits (Wilmshurst and McGlone, 2005). In lake 
sediment and peat samples from tundra lakes in the NWT, 
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the abundance of Betula pollen is commonly very high (up 
to ~50%; MacDonald, 1983; MacDonald and Ritchie, 1986) 
compared to caribou dung samples (Fig. 7). Betula is a com-
mon shrub in riparian habitats surrounding water bodies in 
the NWT, but it does not grow above 1600 m in the Selwyn 
Mountains, where alpine ice accumulates (Kershaw, 1984; 
Ion and Kershaw, 1989). In contrast, Artemisia is common 
in alpine lichen-grass and lichen heath communities above 
1600 m in the Selwyn Mountains and has been observed 
growing in the immediate vicinity of ice patches in the 
study area (Ion and Kershaw, 1989). Growth of Artemi-
sia near or immediately next to alpine ice may be partially 
responsible for the higher proportion of this pollen type in 
caribou dung samples than in regional sediments deposited 
by water because Artemisia is a copious pollen producer, is 
wind-pollinated, but does not appear to have been a popular 
forage item: plant fragments of Artemisia occur in only one 
dung sample and at a low frequency (0.2%; Table 4). Ani-
mal behaviour (e.g., migration routes, food habits) is also 
likely to influence pollen spectra of dung (Scott and Coore-
mans, 1992; Bjune et al., 2005; Bowyer, 2011). Pollen types 
enriched in caribou dung samples relative to sediment sam-
ples from regional lakes and bogs include Artemisia, Aster-
aceae  –  Tubiflorae, Cupressaceae, Shepherdia canadensis, 
and Polemonium (Fig. 7). Pollen from zoophilous plants 
not known to grow in the immediate vicinity of ice patches 
(e.g., Polemonium) may have been concentrated in dung 
through selective grazing and subsequently deposited on 
alpine ice by caribou. A lack of similarity in the palynolog-
ical assemblages and plant remains identified in ice patch 
caribou dung samples provides little additional insight into 
the provenance of palynomorphs (Table 5). Dissimilarity 
TABLE 2. Scientific and common names of pollen and spore taxa identified in ice patch caribou dung in the Selwyn Mountains, 
Northwest Territories.
Life form Family Genus Common name
Coniferous trees and shrubs Pinaceae Undifferentiated Pine family
  Pinus L. Pine 
  Picea A. Dietr. Spruce
  Abies Mill. Fir
 Cupressaceae Undifferentiated Cypress family
Deciduous trees and shrubs Betulaceae Betula L. Birch
  Alnus Mill. Alder
  Corylus L. Hazel
 Salicaceae Salix L. Willow
  Populus L. Poplar
 Myricaceae Myrica L. Myrtles and Gales
 Ericaceae Undifferentiated Heath family
 Rosaceae Undifferentiated Rose family
  Dryas L. Mountain-aven
Forbs Elaeagnaceae Shepherdia canadensis (L.) Nutt. Soapberry
 Umbelliferae Undifferentiated Carrot family
 Polygonaceae Undifferentiated Knotweed family
 Polemoniaceae Polemonium L. Jacob’s ladder
 Ranunculaceae Undifferentiated Buttercup family
 Plantaginaceae Plantago L. Plantain
 Asteraceae Undifferentiated Aster family
  Artemisia L. e.g., Wormwood, Sagebrush
  Subfamily Tubuliflorae n/a
  Subfamily Liguliflorae n/a
 Cruciferae/Brassicaceae Undifferentiated Mustard family
 Saxifragaceae Undifferentiated Saxifrage family
 Hippuridaceae Hippuris L. Mare’s tail
 Oragraceae Epilobium latifolium L. Dwarf fireweed
 Caryophyllaceae Undifferentiated Carnation family
 Equisetaceae Equisetum L. Horsetail
Grasses Poaceae Undifferentiated Grass family
Sedges Cyperaceae Undifferentiated Sedge family
Ferns Pteridophyta (phylum) Undifferentiated Fern
 Ophioglossaceae Botrychium Sw. Moonwart
Bryophytes and Lycopods Lycopodiaceae Lycopodium L. Clubmoss
 Selaginellaceae Selaginella L. Spikemoss
 Sphagnaceae Sphagnum L. Peatmoss
Aquatic plants Typhaceae Typha L. Cattail
Fungi Sporormiaceae Sporormiella Ellis & Everh. (common dung fungus)
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between pollen and plant-fragment assemblages has been 
previously reported in the feces of cattle (Akeret et al., 
1999) and extinct mountain goats (Mead et al., 1987) and 
may be due to differences in plant digestibility, taphonomy, 
or provenance (i.e., pollen input through pollen rain vs. 
ingestion; Richard, 1986). 
Woodland caribou in northwestern Canada migrate long 
distances (> 100 km; Weaver, 2008) on a seasonal basis, but 
direct observations show that daily movements are much 
smaller (“one hour’s travel time”; Oosenbrug and Theberge, 
1980:66) as animals move upslope to ice patches during 
the day and descend in late afternoon. Caribou are rumi-
nants, and food items can take one to three days to pass 
through their gut (Thomas and Kroeger, 1981). Their diur-
nal migrations, which probably cover about 100 m change in 
elevation, define the vegetation area sampled by microhistol-
ogy and palynology, which includes a variety of plant com-
munities in the Selwyn Mountains. Animal behaviour can 
concentrate pollen types rarely found in abundance in sedi-
ments deposited by water into dung. The presence of pollen 
in ice patch dung thus permits reconstruction of vegetation 
that grew in the wide range of habitats used by caribou (e.g., 
Scott et al., 2003; Bjune et al., 2005; Bowyer, 2011). 
Various paleoclimatological reconstructions for the late 
Holocene of the western NWT and YT suggest that a rela-
tively stable cool and moist modern-type climate has per-
sisted since approximately 6000 cal. yr BP (MacDonald, 
1983, 1987; Cwynar and Spear 1995; Vardy et al., 1998). 
Relative stability in the palynological record of caribou 
dung also provides evidence for a consistently cool and 
TABLE 3. Scientific and common names of plant fragments identified in ice patch caribou dung in the Selwyn Mountains, NWT.
Life form Family Genus Common name
Shrubs Betulaceae Betula L.  Birch
 Salicaceae Salix L. Willow
 Ericaceae Cassiope D. Don Cassiope
  Empetrum L.  e.g., Crowberry
  Kalmia L. e.g., Sheep-laurel, Lambkill
  Rhododendron L. subsect. Ledum L. Labrador tea
  Vaccinium L. e.g., Cranberry
  Undifferentiated Ericaceae 
 Rosaceae Dryas L. Mountain-aven
Forbs Asteraceae Undifferentiated  
  Antennaria Gaertn.  e.g., Catsfoot, Pussytoes, Everlasting
  Artemisia L.  e.g., Sagebrush, Wormwood
 Polemoniaceae Polemonium L. Jacob’s ladder
 Fabaceae Oxytropis DC. Locoweed
  Hedysarum L. Sweetvetch
 Polygonaceae Polygonum L. Knotweed
  Rumex L. Docks and sorrels
 Saxifragaceae Saxifraga L. Saxifrages
 Caryophyllaceae Stellaria Seguier Chickweed
  Silene L. e.g., Campion, Catchfly
 Equisetaceae Equisetum L. Horsetail
Grasses Poaceae Agrostis L.  Bentgrass
  Arctagrostis Griseb. Polargrass
  Calamagrostis Adans. Reedgrass
  Deschampsia Beauvois e.g., Tussock grass
  Festuca L.  Fescue
  Hierochloe R. Br.  Sweetgrass
  Poa L.  e.g., Meadow grass
Sedges Cyperaceae Carex L.  Sedge
  Eriophorum L.  Cottongrass
  Kobresia Willd. Bog sedge
 Juncaceae Juncus L.  Rush
Bryophytes and Lycopods Aulacomniaceae Aulacomnium Schwaegr. Aulocomnium moss
 Lycopodiaceae Lycopodium L. Clubmoss
 Polytrichaceae Polytrichum Hedw. Haircap moss
 Selaginellaceae Selaginella L. Spikemoss
 Sphagnaceae Sphagnum L.  Peat moss
 Dicranaceae Dicranum Hedw.-type Dicranum moss
Lichens Lecanorineae (suborder) Alectoria Ach. 
 Parmeliaceae Cetraria Ach.
  Dactylina Nyl. 
 Cladoniaceae Cladonia Hill ex P. Browne Reindeer lichen
 Peltigeraceae Peltigera Willd. 
 Stereocaulaceae Stereocaulon Hoffm. 
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moist late Holocene climate in the study region because cli-
mate is the main driver of vegetation change on millennial 
time scales (Miller et al., 2008). 
The dung palynological record suggests that mixed 
coniferous and deciduous communities consisting of Pinus 
L., Picea, Abies, and Populus L. grew downslope of ice 
patches in lowlands and valley bottoms. The relatively low 
occurrence of Betula, Salix, and Alnus pollen in caribou 
dung suggests that deciduous shrub communities existed in 
riparian habitats and shrub communities below 1600 m, in 
a pattern similar to present-day distributions in the study 
area. Relatively high proportions of Artemisia pollen and 
a diversity of pollen from forbs, as well as grasses and 
sedges, suggest that floristically rich herbaceous commu-
nities, probably a mosaic of lichen-grass, lichen-heath, and 
sedge meadow tundra, grew in high-altitude habitats. Fern 
and bryophyte/lycopod spores present in dung samples 
suggest that moist habitats were also present, probably on 
north-facing slopes where drainage was impeded by sum-
mer permafrost. 
The composition of plant fragments in dung samples 
suggests that the summer diet of ancestral Redstone cari-
bou in the Selwyn Mountains has remained stable over the 
past ~5000 years. Food habits of ancestral Redstone caribou 
are similar to the summer diet inferred for late Holocene 
(past ~4500 years) woodland caribou populations in the 
YT (Kuzyk et al., 1999; Farnell et al., 2004) and to that of 
woodland and barren-ground caribou in northwestern Can-
ada today, which typically consists of a variety of decidu-
ous shrubs, grasses, sedges, lichens, and mosses (Boertje, 
Distance
1 2 3 4 50
KhTe-2 core 3 bottom (1160 ± 40)
KhTe-2 core 2 136-142 cm (3270 ± 40)
KfTe-1 core 2 189-191 cm (1630 ± 40)
KhTe-2 core 1 bottom (2420 ± 40)
KfTe-1 core 2 256-258 cm (3280 ± 40)
KfTe-1 core 1 224.5-228.5 cm (1150 ± 40)
KhTe-2 core 2 107-110 cm (1700 ± 40)
KhTe-2 core 5 bottom (1160 ± 40)
KfTe-1 core 1 254-256 cm (2840 ± 40)
KfTe-1 core 2 bottom (3780 ± 40)
Sample Cluster tree Cluster
1
2
3
FIG. 6. Hierarchical Q-mode cluster analysis (Ward’s dissimilarity measure and Euclidean distance) of relative abundance of plant fragments in ice patch caribou 
dung in the Selwyn Mountains, Northwest Territories, shows that samples do not cluster by ice patch or radiocarbon age.
TABLE 5. Comparison of the mean relative abundances of plant types identified as pollen and spores or plant fragments in ice patch 
caribou dung in the Selwyn Mountains, Northwest Territories.
Plant type Mean pollen/spores (± SD) Mean plant fragments (± SD)
Coniferous trees and shrubs 29.2 (14.1) 0.0  – 
Deciduous trees and shrubs 9.7 (8.5) 21.6 (6.4)
Forbs 34.1 (16.3) 3.4 (1.9)
Grasses 2.7 (2.2) 10.5 (4.5)
Sedges 0.3 (0.8) 7.8 (4.1)
Ferns 3.3 (2.7) 0.0  – 
Bryophytes and Lycopods 2.0 (2.2) 26.7 (5.1)
Lichens 0.0  –  30.0 (8.9)
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1984; Russell et al., 1993; Fischer and Gates, 2005; Fig. 8). 
However, the frequency of lichens is higher in ice patch 
dung samples in the Selwyn Mountains (~30%) and the 
southwest YT (~25%; D. Russell, pers. comm. 2011) than 
in summer feces of other caribou in northwestern Canada. 
For example, in the diets of the Burwash woodland caribou 
herd in the southwestern YT, lichen constitutes 12% during 
calving season (June – July), 25% during the fall rut season, 
and 39% during the winter (Gauthier and Theberge, 1986). 
Similarly, diets of Alaskan Denali caribou, a mountain cari-
bou herd, have an average of 25% lichen and 41% Salix dur-
ing spring months (late May to July), but lichens become 
less important during summer (mid-July to mid-August), 
when they represent only 17% of the diet (Boertje, 1984). 
Lichens are an important food item for woodland caribou 
during winter, but their consumption is often reduced dur-
ing summer when woodland caribou migrate upslope from 
low-elevation winter habitat and shift to foraging among 
forbs, deciduous shrubs, and grasses to maintain a diet 
with high contents of protein and digestible carbohydrates 
(Gauthier and Theberge, 1986; Russell et al., 1993). Wood-
land caribou in the Selwyn Mountains that frequented 
high-elevation (> 1600 m) habitats such as ridge tops and 
ice patches to avoid insect harassment may have sacrificed 
forage opportunities to do so. In addition, lichens may have 
become an increasingly important food source near ice 
patches as other plants began senescence in the late sum-
mer (D. Russell, pers. comm. 2011). 
CONCLUSIONS
Pollen and plant-fragment analyses of layers of caribou 
dung preserved in alpine ice patches contribute to the under-
standing of regional late Holocene paleoenvironments in the 
Selwyn Mountains and provide insight into the behaviour 
and diet of ancestral Redstone caribou. The presence of pol-
len from a variety of forbs, conifers, and deciduous shrubs 
demonstrate that a diversity of habitats and plant commu-
nities has existed in the Selwyn Mountains for at least the 
past five millennia. Food habits of ancestral Redstone cari-
bou in the Selwyn Mountains, inferred from plant fragments 
in dung, also displayed continuity over the past 5000 years; 
the fragments suggest that this population has maintained 
a summer diet consisting of a variety of lichens, mosses, 
shrubs, grasses, and sedges throughout the late Holocene. 
Food habits reconstructed for ancestral Redstone caribou are 
broadly similar to modern diets of ecologically similar car-
ibou, although lichens remained an important food source 
at the high-elevation (> 1600 m) habitats that caribou in the 
Selwyn Mountains exploited to avoid insect harassment.
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